SINTERED BODY FOR THERMISTOR DEVICES, THERMISTOR DEVICE AND 
TEMPERATURE SENSOR 

FIEIJ) QF THE INVENTION 

5 

This invention relates to a sintered body for thermistor 
devices, a thermistor device and a temperature sensor. More 
specifically, it relates to a sintered body for thermistor 
devices which makes it possible to provide a thermistor device 
10 capable of detecting temperature over a vide temperature range 
from low temperature to high temperature and showing little 
change in electrical resistance to a heat profile and a 
temperature sensor with the use of this thermistor device. 

15 

BACKGROUND OF THE INVENTION 



A thermistor is a sintered body made up of specific metal 
oxides which shows a change in electrical resistance depending 

20 on temperature change. Thermistor, devices comprising this 
sintered body and a pair of electrode have been widely employed 
in detecting temperature in various fields, for example, the 
temperature of integrated circuits, the temperature of 
automotive gas emissions, the flame temperature of gas water 

25 heaters and so on. 
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It is required that a sintered body for thermistor devices 
employed in these thermistor devices for detecting temperature 
shows (1) a small constant B, (2) a small change in resistance 
to a heat profile, and (3) a little scatter in resistance. The 
5 constant B as used herein is a constant serving as an indication 
of a change in electrical resistance . a smaller constant B means 
the smaller change in electrical resistance depending on 
temperature change. A thermistor device (a sintered body for 
thermistor devices) satisfying the performance requirements as 
10 described above has a wide detection temperature range, a 
favorable heat resistance and a high temperature detection 
accuracy. 

As such a sintered body for thermistor devices , there has 
been known one comprising (Y, Sr) (Cr, Fe, Ti)03 as the main 

15 component (see JP-A-7-201526) . This sintered body for 
thermistor devices shows electrical resistances of about 100 
kQ and about 80 kQ respectively at 300°C and 900°C. It is an 
excellent sintered body for thermistor devices which has a 
constant B of about 8000 K at 300 to 900°C and remains stable % 

20 . to a heat profile within a temperature range of from 300 to 1000°C. 
There have been al so known a sintered body for thermis tor devices 
comprising Y(Cr / Mn)0 3 +Y 2 0 3 as the main component (see 
JP-A-2002-124403) and a sintered body for thermistor devices 
comprising (Y, Ca) CrO 3 +0 . 5YAIO3 as the main component (see 
25 JP-A-6-33S402) . 
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SUMMARY OF THE INVENTION 



5 In the sintered body for thermistor devices described in 

Patent Document 1, however, the constant Bis liable to be ele-irated 
because of Ti contained therein . Consequently, it suffers from 
a problem that the electrical resistance attains the insulation 
resistance level of K£i at a temperature of 300°C or lower and 

10 thus temperature in the low temperature range cannot be detected. 

The electrical resistance of the above-described sintered 
body for thermistor devices can be controlled by changing the 
composition. For example, the electrical resistance at 100°C 
can be regulated to 500 £i or below so that it can detect a 

15 temperature around 100°C. However, this sintered body for 
thermistor devices suffers from another problem that the 
stability in its resistancetemperature properties is frequently 
worsened by a heat profile wherein it is exposed to high 



temperature of about 1000°C repeatedly or continuously for a 
20 long time. 

The sintered bodies for thermistor devices shown in Patent 
Documents 1 to 3 contain Cr which is a highly volatile element. 
As a result, there arises another problem that the resistance 
temperature properties of the devices are liable to vary 
depending on the volatilization amount of Cr. 
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A problem that the invention is to solve is to provide 
a sintered body for thermistor d vices , by which the 
above-described troubles occurring in the related art can-be 
solved and which can provide a thermistor device capable of 
5 detecting temperature over a wide temperature range of from low 
temperature of 100°C or below to high temperature of around 900°C 
and showing little change in electrical resistance to a high 
heat profile, a thermistor device having this sintered body for 
thermistor devices and a temperature sensor with the use of this 

10 thermistor device. 

To solve the above-described problem, the inventors have 
conducted intensive studies on the elemental components 
constituting a sintered body for thermistor devices . As a result . 
they have found out that a sintered body for thermistor devices 

15 containing at least one element selected from the group 3 
(excluding I*a) in the periodic table, at least one element 
selected from the group 2 in the periodic table , Mn, Al and oxygen 
and being substantially free from any transition metal other 
than Mn and the at least one element selected from the group 

20 3 in the periodic table is capable of providing a thermistor 
device which can detects temperature over a wide temperature 
range of from low temperature to high temperature and shows little 
change in electrical resistance to a high heat profile. The 
invention has been completed based on this finding. 

25 Accordingly, the first means for solving the 
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above-described problem of the invention is: 

(a) a sintered body f or thermistor devices characterized 
by containing at least one element selected from the group- 3 
(excluding *La) in the periodic table, at least one element 
5 selected from the group 2 in the periodic table , Al and oxygen 
and being substantially free from any transition metal other 
than Mn and the at least one element selected from the group 
3 in the periodic table. 

As a preferred embodiment in this first means, the 
10 following one can be cited: 

1) a sintered body for thermistor devices as described 
in the above (a) which satisfies the following formulae (1) and 
(2) : 

0.02<a<l (!) 
15 b+c=l (2) 

provided that the content of the at least one element selected 
from the group 3 (excluding La) in the periodic table is referred 
to 1-a (mol) ; the content of the at least one element selected 
* from the group 2 in the periodic table is referred to as a (mol) ; 
20 the content of JMh is referred to as b (mol) ; and the content 
of Al is referred to as c (mol) . 

In this embodiment, it is preferable that the content b 
(mol) of Mn satisfies the following formula: O.lO^bSO .30. 

As another preferred embodiment in this first means, the 
25 following one can be cited: 
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2) a sintered body for thermistor devices as described 
in the above (a) , wherein the at least one element selected from 
the group 3 (excluding La> in the periodic table is Y, Sc, ^e, 
Nd, Sm, Eu, Gd, Dy # Er or Yb and the at least one element selected 
from the group 2 in the periodic table is Ca, Sr ; Mg or Ba, 

As another preferred embodiment in this first means, the 
following one can be cited: 

3) a sintered body for thermistor devices as described 
in the above (a) which contains Si element. 

The second means for solving the above-described problem 
of the invention is: 

(b) a thermistor device characterized by being provided 
with a sintered body for thermistor devices as described in the 
above (a) and a pair of electrode leads which is embedded in 
the sintered body for thermistor devices and at least one end 
of which is drawn out to take an output signal . 

Further, the third means for solving the above-described 
problems of the invention is: 

(c) a temperature sensor characterized by using the 
thermistor device as. described in the above (b) . 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[Fig. 1] 

Fig. 1 is a perspective view of the appearance of a 
5 thermistor device using the sintered body for thermistor devices 
according to the invention. 
[Fig. 2] 

Fig. 2 is a partially cutaway side view showing the 
structure of a temperature sensor provided with a thermistor 
1 0 device having the sintered body for thermistor devices according 
to the invention. 

[Description of Reference ttumericals] 

1 sintered body for thermistor devices 

2 thermistor device 
15 3 metal tube 

4 flange 

5 nut 



6 joint 

* 7 sheath core wire 

20 8 sheath 

9 electrode lead 

100 temperature sensor 



25 



7 



DETAILED DESCRIPTION OF THE INVENTION 

The sintered body for thermistor devices according to-fehe 
invention first contains at least one element selected from the 
group 3 in the periodic table , However , La is excluded therefrom . 
This is because, in the case where unreacted La oxide remains 
in the sintered body for thermistor devices, the unreacted 
compound reacts with moisture in the atmosphere to form La (OH) 3 
which induces some troubles such as cracking in thermistor 
devices (sintered body for thermistor devices) and 
unstabilization of resistance* Two or more of these elements 
may be contained. 

The term "periodic table" means the periodic table 
recommended by IU2AC in 1990 (Mak±kag-aJcuMedtt±ho-XUPJLC 1 9 90-hgh 
KanfcoJtu-, edited by G.L.LEICH, translated by KAZUO YAMAZAKI, 
p. 43, first impression of the first edition, published on March 
26, 1993, Tokyo Kagaku Dojin) . 

The sintered body for thermistor devices according to the 
* invention contains at least one element selected from the group 
2 in the periodic table . % Two or more of these elements may be 
contained therein. The term "periodic table" has the same 
meaning as described above • 

It should be noted that the sintered body for thermistor 
devices according to the invention contains Mn, Al and oxygen 
but is free from any transition metal other than Mn and the at 
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least one element selected from the group 3 in the periodic table . 
This is because the presence of a transition metal (for example, 
Pe, Co, Ni or Ti) other than Mn and th at least one element 
selected from the group 3 in the periodic table, if any, would 
5 enlarge the constant B . Although it is desirable that the 
sintered body for thermistor devices is free from Mn and the 
at least one element selected from the group 3 in the periodic 
table as described above, it is sometimes unavoidable that the 
sintered body for thermistor devices contains such an element 
10 which is contained as impurities in an extremely small amount 
in a material employed in the (industrial) production thereof 
or due to contamination during the production. In the 
description of the invention , therefore, it is defined that the 
sintered body for thermistor devices is substantially free from 
15 any transition metal other than Mn and the at least one element 
selected from the group 3 in the periodic table in the case where 
neither Mn nor the at least one element selected from the group 
3 in the periodic table is detected by measuring, for example, 
under a scanning electron microscope Model JED-SllO 
20 (manufactured by JEOL) at an acceleration voltage of 20 kV. 

Further, it is preferable that the sintered body for 
thermistor devices according to the invention is a sintered body 
for thermistor devices which satisfies the following formulae 
(1) and (2) : 

25 0.02£a<l m 
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b+c~l (2) 
provided that the content of the at least one element selected 
from the group 3 (excluding La) in the periodic table is referred 
to 1-a (mol) ; the content of the at least one element selected 
from the group 2 in the periodic table is referred to as a (mol) ; 
the content of Mn is referred to as b (mol) ; and the content 
of Al is referred to as c (mol) « 

By controlling the content a (mol) of the at least one 
element selected from the group 2 in the periodic table so that 
it satisfies the formula 0 . 02:Sa<l , it becomes possible to make 
the sintered body for thermistor devices stable to a heat profile 
and to achieve favorable properties of the constant B. It is 
undesirable that the content a (mol) of the at least one element 
selected from the group 2 in the periodic table is less than 
0.02, since the sintered body for thermistor devices sometimes 
shows unstable properties to a heat profile in this case. 

It is also preferable that the content b (mol) of Mn 
satisfies the formula 0 . 10<b<0 • 30 . By controlling the content 
of Mn within this range, a favorable temperature detection 
performance can be established over a wide temperature range 
from low temperature (100°C or lower) to high temperature (900°C) . 
A still preferable temperature detection performance can be 
established by controlling the content b (mol) of Mn within the 
range 0 .l4:3b<0 .26. 

In the sintered body for thermistor devices according to 
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the invention , it is still preferable that the at leas t one element 
selected from the group 3 (excluding La) in the periodic table 
is Y, Sc, Ce, Nd, Sm, Eu, Gd, Dy, Er or Yb and, among all^ Y 
is the most desirable element therefor . Also , it is preferable 
5 that the at least one element selected from the group 2 in the 
periodic table is Ca, Sr, Mg or Ba and, among all, Ca is the 
most desirable element therefor. In the most desirable case 
of the sintered body for thermistor devices according to the 
invention, the element selected from the group 3 (excluding La) 

10 in the periodic table as described above is Y while the element 
selected from the group 2 in the periodic table as described 
above is Ca . This is because , by selecting Y and Ca as described 
above , a sintered body for thermistor devices having an elevated 
stability to a heat profile and a smaller constant B can be 

15 provided. 

It is still preferable that the sintered body for 
thermistor devices according to the invention contains Si element , 
since use of the Si element makes it possible not only to obtain 
* a sintered body for thermistor devices by sintering at a lower 
20 temperature but also to enhance the , strength of the obtained 
sintered body. 

As discussed above , the invention provides a sintered body 
for thermistor devices being substantially free from any 
transition metal other than Mn and the at least one element 
25 selected from the group 3 in the periodic table. Owing to this 
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construction, the invention can provide a sintered body for 
thermistor devices whereby the existing problem of occurring 
a large scatter in resistance causedby the volatilization amount 
of highly volatile Cr contained therein can be overcome . Because 
of being free from Fe, Ti, Co or Ni, furthermore, the sintered 
body for thermistor devices according to the invention makes 
it possible to solve such problems as the excessively large 
initial electrical resistance in a temperature range of 100°C 
or 150 P C or the excessively large constant B. As a result, a 
favorable temperature detection performance can be established 
over a wide temperature range from low temperature of around 
100°C or lower than 100°C to high ten^erature of 900°C. 

How, examples of the embodiments of the invention will 
be illustrated by reference to drawings. 

To produce the sintered body for thermistor devices 
according to the invention, materials for the sintered body for 
thermistor devices are first weighed and collected to give a 
definite composition ratio . As the materials for the^intered 7 
body for thermistor devices , oxides, hydroxides, carbonates and 
the like of the above-described elements constituting the 
sintered body for thermistor devices may be cited. Among all, 
oxides and carbonates are preferable. The materials of 
individual elements thus collected are wet mixed together in 
a pot mill for 5 to 30 hours and dried to give a powder. The 
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average particle diameter of the powder of these materials 
preferably ranges from 0.5 to 2.0 pm. To further uniformly 
disperse the powder of the materials , it is still preferable 
that the particle diameter thereof ranges from 0.5 to 1-5 pnw 
As the materials for the sintered body for thermistor devices , 
use can he also made of sulfates and nitrates of the 
above-described elements. In this case, it is also possible 
to employ a method wherein the materials are dissolved and mixed 
in water, heated, polymerized and dried to give a powder. 

Subsequently, the mixture powder obtained by mixing the 
definite elements as described above is calcined in the 
atmospheric air at 1100 to 1500°C for 1 to 10 hours. To the 
calcined powder thus obtained, a sintering aid is added, if 
desired, followed by wet grinding and drying. As examples of 
the sintering aid, SiO z , CaSi0 3 , etc, maybe cited. Among all, 
SiQ2 is an appropriate sintering aid* The sintering aid is added 
usually in an amount of from 0.3 to 10% by mass based on the 
calcined powder as described above. 

Next, a binder is added, i* desired, to the powder (the 
powder for sintered body for thermistor devices) having been* 
obtained by wet grinding and drying. The resultant mixture is 
dried and granulated to give particles for molding. It is 
preferable that the average diameter of the obtained particles 
is 500 ym at the largest. 

As examples of the binder which is employed if desired, 
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binders comprising as the main component polyvinyl alcohol, 
polyvinyl butyral, etc. may be cited. Although the amount of 
the binder used herein is not particularly restricted, it ranges 
from 5 to 20 parts by mass, preferably from 10 to 20 parts by 
mass , per 100 parts by mass of the powder for sintered body for 
thermistor devices* 

The particles for molding thus obtained are press molded 
and then the resultant molded article is sintered to thereby 
give a sintered body for thermistor devices. Although the 
sintering conditions are not particularly restricted, the 
sintering temperature preferably ranges from 1400 to 1700°C, 
still preferably from 1400 to 1600*0, while the sintering time 
preferably ranges from 1 to 5 hours, still preferably from 1 
to 2 hours. The sintering is usually carried out in the 
atmospheric air, though the sintering atmosphere is not 
restricted too. 

In the case of forming a thermistor device by using the 
molded article as described above, the molding is carried out 
by press molding with the use of a pair of electrode leads made 
of a Pt-»h alloy . By sintering the thus integratedmolded article , 
the thermistor device 2 as shown in Fig. 1 can be obtained. 

In this thermistor device 2, a pair of electrode leads 
9 is embedded in a sintered body for thermistor devices and at 
least one end of each electrode lead 9 is drawn out to take an 
output signal . The sintered body for thermistor devices 1 is 
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shaped in such a manner so as to give a hexagonal cross section 
cut in the parallel direction to the drawing axis of the leads 
9. The shape of th sintered body for thermistor devices 
constituting the thermistor device is not particularly 
restricted and it may he shaped into a disk . The pair of electrode 
leads may be drawn out from the sintered body for thermistor 
devices not only in one terminal side but also in both terminal 
sides. 

After sintering as described above, the sintered body for 
thermistor devices and the thermistor device may be subjected 
to a heat treatment, if necessary. Concerning the conditions 
for this heat treatment, the treating temperature ranges from 
800 to 1100°C, preferably from 850 to 1100°C and still preferably 
from 900 to 1100 a c, while the treating time is 30 hours or longer, 
preferably 100 hours or longer and still preferably 200 hours 
or longer. By heating at the above temperature for the above 
period of time, the resistance temperature properties of the 
sintered body for thermistor devices can be further stabilized. 
The heat treatment iaay b^carried out either in the atmospheric 
air or some special atmosphere else. 

Next, a temperature sensor using a thermistor device 2 
comprising the above-described sintered body for thermistor 
devices 1 will be illustrated by reference to Fig. 2. Fig. 2 
is a partially cutaway side view showing the structure of a 
temperature sensor 100 for detecting an exhaust gas temperature 
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which is located in an exhaust gas channel in an automobile. 

In this temperature sensor 100, the thermistor device 2 
is enclosed in a bottomed metal tube 3 made of SUS310S . This 
metal tube 3 is closed in the top end side 3a and opened at the 
back end side 3b. In the back end side 3b of the metal tube 
3 / a flange 4 made of SUS310S is argon-welded. On the flange 
4, a nut 5 having a hexagonal nut part 5a and a screw part 5b 
is rotatably provided. In the back end side 4a of the flange, 
a tubular joint 6 made of SUS304 is argon-welded. 

In the metal tube 3, the flange 4 and the joint 6, a sheath 
8 having a pair of core wires 7 enclosed therein is provided. 
This sheath 8 comprises an outer metal tube made of SUS310S, 
apair of conductive core wires 7 made of SUS310S and an insulating 
powder whereby the outer tube is insulated from each of the sheath 
core wires 7 and the sheath core wires 7 are sustained. In the 
metal tube 3, the electron leads 9 of the thermistor device 2 
are welded respectively to the sheath core wires 7 projecting 
toward the top end side 8a of the sheath . A pellet made of nickel 
oxide is provided within the top* end side 3a of the metal tube 
3. . 

Around the thermistor device 2, cement 11 is packed in. 
A pair of leads 13 is connected, via swagging members 12 , to 
the sheath core wires 7 projecting toward the back end side 8b 
of the sheath in the joint 6* These leads 13 are enclosed in 
a heat-resistant rubber auxiliary ring 14 . The sheath core wires 
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7 are connected to the leads 13 via the swagging members 12. 

EXAMPLES 

5 

The invention will be described in greater detail by 
reference to the following Examples, 
[Production of thermistor device] 
Examples 1 to 15 and Comparative Example 1 

10 A Y 2 0 3 powder (purity 99.9% or more, average particle 

diameter 1.1 jam) , a Ca 2 C0 3 powder (purity 99.0% or more, average 
particle diameter 0 . 5 pm) r an MnC^ powder (purity 99 . 0% or more, 
average particle diameter 1.2 urn) and an Al^Ch powder (purity 
99.5% or more, average particle diameter 0.6 ym) were weighed 

15 to give each composition ratio (mol) of a, b and c in the formula 
(Yi-aCa*) (Hn b Al c )0 3 as listed in Table 1 followed by wet-mixing. 
After drying, the mixture was calcined in the atmospheric air 
at 1200°C for 2 hours . In Example 1 , 1 part by mass of a sintering 
aid (an Si0 2 powder, purity 99.0% or more, average particle 

20 diameter 1,-5 )Jm) was added per 10Q parts by mass of the calcined 
powder. In Examples 2 to 15 and Comparative Example 1, no SiQ2 
powder was added. Then each powder was wet-ground and dried 
to prepare a powder for sintered body for thermistor devices. 
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[Table 1] 





Y 

(l^a) 


Ca 
(a) 


Mn 
G>) 


Al 
(c) 


Sintering aid 
(% Jby mass) 


tlx . J. 


n oon 
U • 820 


0 . 180 


0.180 


0.820 


1 


Ex, 2 


0.820 


0.180 


0.180 


0.820 


— 


Ex . 3 


0 . 820 


0*180 


0.194 


0.806 


- 


Ex. 4 


0 . 820 


0.180 


0.206 


0.794 


•-t 


EX - O 


f\ AAA 

0 . 820 


0.180 


0.219 


0.781 






a one 


0 - 194 


0.194 


0.806 


— 


EX * 7 


O - 7 94 


0.206 


| 0.206 


0.794 


— 


C* v O 

fiX . o 


0 * 781 


0.219 


0.219 


0.781 


— 


EX, 9 


0 . 840 


0.160 


0*180 


0*820 


— 


Ex. 10 


0*840 


0 . 160 


W m J. Zt*k 


U • oUb 




Ex. 11 


0.840 


0.160 


0*206 


0.794 




Ex. 12 


0.840 


0.160 


0.219 


0.781 




Ex. 13 


0.940 


0.060 


0.180 


0.820 




Ex. 14 


0.940 


0.060 


0.219 


0.781 




Ex. 15 


0.960 


O.040 


0.180 


0.820 




C.Ex. 1 


1.000 




0.180 


0.820 
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Next, 20 parts by mass of a binder comprising polyvinyl 
alcohol as the main component was added to 100 parts by mass 
of the powder for sintered body for thermistor devices thus 
prepared. After mixing, drying and granulating, particles for 
molding (average particle diameter from 106 to 355 nm) were 
obtained. Using the obtained particles and a pair of electrode 
leads, a hexagonal molded article was then obtained by press 
molding. This molded article was sintered at 1550°C for 1 hour. 
Thus, a thermistor device shown by Pig. 1 having a thickness 
of 1.24 mm was produced. 
Example 16 

An Sm 2 Oa powder (purity 99.9% or more, average particle 
diameter 1 . 3 |Jm) , an SrC0 3 powder (purity 99 . 0% or more, average 
particle diameter 0 . 5 pm) , an Mn0 2 powder (purity 99.0% or more, 
average particle diameter 1.2 um) and an Al 2 0 3 powder (purity 
99.5% or more, average particle diameter 0*6 pm) were weighed 
to give the composition ratio (mol) of a, b and c in the formula 
(Sm^Sr*) (MnfaAl c )0 3 as listed in Table 2 followed by wet-mixing* 
After drying, the mixture was calcined in the atmospheric air 
at 1400°C for 2 hours. Next, 1 part by mass of a sintering aid 
(an Si02 powder , purity 99 . 0% or more , average particle diameter 
1.5 Jim) was added per 100 parts by mass of the calcined powder. 
Then the powder was wet-ground and dried to prepare a powder 
for sintered body for thermistor devices. Subsequently, a 
molded article was produced and sintered as in Example 1 to give 
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a thermistor device. 
Examples 17 to 19 

A Y 2 0 3 powder (purity 99.9% or more, average particle 
diameter 1.1 pm) , an SrC0 3 powder (purity 99.0% or more , average 
particle diameter 0 . 5 }xm) , an Mn0 2 powder (purity 99 . 0% or more, 
average particle diameter 1.2 pa) and an Al 2 0 3 powder (purity 
99.5% or more, average particle diameter 0.6 |im) were weighed 
to give each composition ratio (mol) of a, b and c in the formula 
(Yi-aSra) (Mn b 2M c )Q 3 as listed in Table 2 followed by wet-mixing. 
In Example 17, calcination was carried out and, after adding 
a sintering aid (an SiO a powder) , a powder for sintered body 
for thermistor devices was prepared and a molded article was 
produced and sintered as in Example 1 6 to give a thermistor device . 
In Examples 18 and 19, on the other hand, wet-drying was carried 
out and then calcination was performed as in Example 16 followed 
by wet grinding and drying without adding any SLO2 powder to 
thereby give a powder for sintered body for thermistor devices ♦ 
Next, a molded article was produced as in Example 1 and sintered 
at 1500°C for 1 hour to give a thermistor device shown by Pig. 
1 having a thickness of 1.24 mm. 
Example 20 

An Nd 2 0 3 powder (purity 99.9% or more, average particle 
diameter 1.5 fJm) , an SrC0 3 powder (purity 99.0% or more, average 
particle diameter 0 . 5 pm) , an Kn0 2 powder (purity 99 . 0% or more , 
average particle diameter 1.2 urn) and an Hl 2 0 3 powder (purity 
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99.5% or more, average particle diameter 0.6 ^m) were weighed 
to give the composition ratio (mol) of a, b and c in the formula 
(Ndi- a Sr a ) (Mn^ftle) O3 as listed in Table 2 followed by wet-mixing-. 
After drying, the mixture was calcined and a sintering aid (an 
Si02 powder) was added. Then a powder for sintered body for 
thermistor devices was prepared and a molded article was produced 
and sintered as in Example 16 to give a thermistor device. 
Example 21 

A Gd 2 0 3 powder (purity 99.9% or more, average particle 
diameter 1 . 3 pm) , an SrC0 3 powder (purity 99 - 0% or more , average 
particle diameter 0,5 Jim) , an MnQ 2 powder (purity 99 . 0% or more, 
average particle diameter 1.2 jjm) and an Al 2 o 3 powder (purity 
99.5% or more, average particle diameter 0.6 urn) were weighed 
to give the composition ratio (mol) of a, b and c in the formula 
(C5di« a Sr A ) (MnbAl c )0 3 as listed in Table 2 followed by wet-mixing. 
After drying, the mixture was calcined and a sintering aid (an 
SXO2 powder) was added. Then a powder for sintered body for 
thermistor devices was prepared and a molded article was produced 
and sintered as in Example 16 to give a thermistor device. 
Example 22 

A Y2O3 powder (purity 99.9% or more, average particle 
diameter 1.1 fim) , an MgO powder (purity 99.0% or more, average 
particle diameter 1 . 0 yxm) obtained by heating 4MgC0 3 *Mg (OH) 2 ■ 5H 2 0 
atl000 o C , an Mn0 2 powder (purity 99.0% or more, average particle 
diameter 1. 2 n») and an A1 2 0 3 powder (purity 99.5% or more, average 
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particle d iam eter 0 . 6 Jim) were weighed to give the composition 
ratio (mol) of a, b and c in the formula (Yi-aMg a ) (MnbAl e )0 3 as 
listed in Table 2 followed by wet-mixing. After drying, -4=he 
mixture was calcined and a sintering aid (an Si0 2 powder) was 
added. Then a powder for sintered body for thermistor devices 
was prepared and a molded article was produced and sintered as 
in Example 1 to give a thermistor device. 
Example 23 

A Y 2 0 3 powder (purity 99.9% or mor^, average particle 
diameter 1*1 pm) , a BaCO a powder (purity 99.0% or more, average 
particle diameter 0 . 5 jim) , an Mh02 powder (purity 99 . 0% or more, 
average particle diameter 1.2 pm) and an A1 2 0 3 powder (purity 
99.5% or more, average particle diameter 0.6 urn) were weighed 
to give the composition ratio (mol) of a, b and c in the formula 
(Zi_ a Ba a ) (MnbAl c )0 3 as listed in Table 2 followed by wet-mixing. 
After drying, the mixture was calcined and a sintering aid (an 
SiO* powder) was added. Then a powder for sintered body for 
thermistor devices was prepared and a molded article was produced 
and sintered as in Example 1 to give a thermistor device. 
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Comparative Exanaples 2 to 4 

A * 2 o 3 powder (purity 99.9% or more, average particle 
diameter 1 . 1 pm) , an Cr 2 0 3 powder (purity 99 .3% or more, average 
particle diameter 0 . 5 ^m) , an Fe ? 0 3 powder (purity 99 . 4% or more , 
5 average particle diameter 0.9 jim) and an IiO z powder (purity 
99.0% or more, average particle diameter 1.8 pan) were weighed 
to give each composition ratio (mol) of a, b and c in the formula 
(Zi^Sr a ) (Cxi- b . e ,F%,Ti e )0 3 as listed in Table 3 followed by 
wet-rmixing. After drying, the mixture was calcined and a 
10 sintering aid (an Si0 2 powder) was added. Then a powder for 
sintered body for thermistor devices was prepared and a molded 
article was produced and sintered as in Example 16 to give a 
thermistor device, 

15 [Table 3] 





Y 

U-a) 


Sr 
(a) 


Cr 
(1-b-c) 


Fe 
(b) 


Ti 
<c> 


Sintering aid 
(% by mass) 


C.Ex. 2 


0.930 


0.070 


0.731 


0.219 


0.050 


1 


C.Ex. 3 


0.919 


0.081 


0.731 


0.219 


0.050 


1 


CtEx— 4- 


~ 0v909 


0.091 


0.731 


0.219 


0.050 


1 



Comparative Example 5 

A *a0 3 powder {purity 99.9%'or more, average particle diameter 
1 .1 pm) , an SrC0 3 powder (purity 99. 0% or more, average particle 
20 diameter 0 . 5 pm) , an Mn0 2 powder (purity 99 . 0% or more, average 
particle diameter 1 . 2 yaa) , an Al 2 o 3 powder (purity 99 . 5% or more , 
average particle diameter 0.6 pm) and an Fe 2 0 3 powder (purity 
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99.4% or more, average particle diameter 0.9 pm) were weighed 
to give th composition ratio (mol) of a, b and c in the formula 
<Y x - a Sr a ) ( F Oi-^c , Mnj.Al c ) 0 3 as listed in Table 4 followed ~by 
wet-mixing. After calcining as in Example 16, the mixture was 
5 wet-ground and dried without adding any SiO* powder to give a 
powder for sintered body for thermistor devices . Next, a molded 
article was produced as Example 1 and sintered at 1500°C for 
1 hour to give a thermistor device shown by Fig. 1 having a 



thickness of 1.24 mm. 

10 

[Table 4] 





Y 

<l-a) 


Sr 
(a) 


Pe 
<l-b-c> 


Mn 
(b) 


Al 
(c) 


Sintering aid 
(% by mas$) 


C.Ex. 5 


0.960 


0.040 


0.069 


0.137 


0.794 





[Evaluation] 
(1) Heating resistance 
15 The electrical resistance (initial electrical resistance, 

expressed in: kQ)-of^a^-of-th^'tl»zm£ii'tor devices obtained 

in Examples 1 Jbo 2 ^and Comparative Examples 1 to 5 was measured 

* > « 

at each temperature as shown in Table 5. Next, each of these 

* * » 

sintered body for thermistor devices was continuously heated 
20 at 1000°C for ISO hours and then its electrical resistance 
(electrical resistance after heating, expressed in: kD) was 
measured at each temperature as shown in Table 6 . Thus , a change 
(expressed in:°C> in electrical resistance compared with the 
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initial electrical resistance was determined in accordance with 
the following formula (3) . As will be described hereinafter, 
no detection could be performed at 300°C or lower in the cares 
of the thermistor devices of Comparative Examples 2 and 5, since 
these thermistor devices showed very high initial electrical 
resistances at 100°C and 150°C. Therefore, the electrical 
resistances after heating and the changes in electrical 
resistance as described above were not measured in these cases . 
Change in electrical resistances in terms of temperature 
-1/ [In (electrical resistances after heating/initial 

electrical resistance) /B+l/T] ] -T (3) 
T represents an absolute temperature (expressed in:K) . 
B represents a constant B (K) . This constant B was 
calculated in accordance with the following formula (4) using 
two initial electrical resistances at temperatures closest to 
each other among the measurement temperatures of each of Examples 
and Comparative Examples as listed in Table 5. In Example 1, 
for example, the constant B between -40°C and 0°C, the constant 
B between *0°C and 100°C, the constant B between 100°C ana 300°C, 
the constant B between 300°C and 600°C, and the constant B between 
600°C and 900°C were respectively calculated. 
Constant B=ln (R/Ro) / <1/T-1/T 0 ) (4) 

R <kQ) represents the initial electrical resistance at 
an absolute temperature T (K) . 

Ro (kQ) represents the initial electrical resistance at 
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an absolute temperature T 0 (K) , provided that the absolute 
temperature T is higher than T 0 . 

Table 5 shows the initial electrical resistances. Table 
6 shows the electrical resistances after heating , and Table 7 
shows changes in electrical resistance. 
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[Table 



5] 





-40°C 


0°C 


100°C 


150°C 


300°C 


600°C 


Qftft°r* 


Ex. 1 


89.54 


28.03 


4.033 




0.530 


0. 127 


ft a ca 


Ex. 2 






303.6 




0.107 


0. 704 


ft IDC 


Ex. 3 




421.4 


38.77 




2.492 


0.314 


ft 1 ft^ 


Ex. 4 




440.3 


37.35 




2.092 


0 241 


ft ft*70 


Ex. 5 




i 329.8 


25.15 




1.262 


0. 147 


ft ' ftgft 


Ex* 6 




187.5 


20.63 




1.751 


0. 269 


ft ftQt; 


Ex. 7 




168.4 


16.94 




1.281 


0.187 


ft ft £ZH 


Ex. 8 


316.1 


88.57 


9.625 




0.781 


ft 12R 


ft ft Ci 


Ex. 9 






189.7 




6.490 


O 51P 


ft 1 Oft 


Ex. 10 






125.4 




4.424 


0. 383 


ft 1 ftC 


Ex. 11 






212.7 




4 7£4 

^* » r wni 




0.081 


Ex. 12 






73.05 




2 .226 


ft 1 Q*7 


0 .055 


Ex. 13 






1703 


359. 9 




ft ann 


0 . 182 


Ex. 14 






512.4 


! 1X2 £ 




ft 9tft 
V* 320 


0.082 


Ex. 15 






1985 


434 . 7 


50 Aft 


JL . 1114 


0 .251 


Ex. 16 






222. 9 






ft OQ1 • 

O .297 


0.085 


Ex. 17 






103.0 






ft f Oft 


0.195 


Ex. 18 






31.26 




X • opt) 


ft 0"7ft 


0.101 


Ex. 19 




93.52 


5.474 






ft ft CI 


0 . 023 


Ex. 20 






151.5 






ft QA» 


0.087 


Ex. 21 






142.6 




5.059 


0.500 


0.143 


Ex. 22 




147.0 


9.123 




0.645 


0.107 


0.045 


Ex. 23 






38.20 




3.303 


0.515 


0.O96 


C.Ex. 1 






909.7 


235.2 


16.75 


1.108 


0.256 


C.Ex.2 






122679 


9050 


97.49 


1.004 


0.075 


C.Ex. 3 






178.8 




3.747 


0.220 


0 . 039 ! 


C.Ex. 4 






44.58 




0.931 


0.080 


0.023 


C.Ex. 5 






12156 


2050 


63.43 


2.12 


0.388 
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[Table 6J 





-40°C 


0°C 
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9O0 v C 
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Ex. 10 
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• »»-•*• 








it <S iT i- 

4 .265 
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0. 080 


£iZ . X£ 






do. 00 
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0.177 


0 . 054 


Ptt 1 3 






1735 


17 .51 


0.814 


0.186 


£*X . X4 






471. 0 


5.827 


0.322 


0.082 


JaJfc - X w 






1810 


22.11 


1.096 


0.247 


riJC • XO 






203,2 


4 .182 


0.296 


0.085 


1 *7 






AO A A 

92 .32 


4. 967 


0. 620 


0.197 


XiX . •LO 






4 A A « 

30 .28 


1,82 


0.266^ 


0.100 


Ex. 19 




109.5 


6.098 


0.389 


O 069 
** , v v<> 




Ex. 20 






143.0 


3.804 


0.298 


0.086 


Ex. 21 






125.0 


4,735 


0.486 


0.139 


Ex. 22 




143.9 


8.96 


0.636 


0.104 


0.045 


Ex, 23 






33.4 


3.154 


0.503 


0.100 


C.Ex.l 






743.5 


14.30 


0.994 


0.227 


C.Ex.3 






123.4 


3.024 


0.196 


0.037 


C.Ex,4 






30.24 


0.661 


O.065 


0.022 
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[Table 7] 





-40°C 


o°c 


100°C 


300°C 


600 Q C 




Ex. 1 


7 


1 7 


7 


5 


' i 


1 " 
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Tables 5 to 7 indicate that small changes in electrical 
resistance to the heat profile, i.e., ±10°C over the whole 
temperature range are observed in Exampl s 1 to 23 . Also^t 
can be understood that the thermistor devices of Examples 2 
and 9 to 15 have properties enabling the detection "of 
temperatures of from about 100°C to 900°C, those of Examples 
3 to 7 have properties enabling the detection of temperatures 
of from about 0»C to 900«C, and those of Examples 1 and 8 have 
properties enabling the detection of temperatures of from about 
-40°C to 900-C. It can be also understood that the thermistor 
devices of Examples 16 to 18, 20, 21 and 23 make it possible 
to detect temperatures of from 100 to 900°C and remain stable 
to the heat profile. Farther, it can be understood that the 
thermistor devices of Examples 19 and 22 make it possible to 
detect temperatures of from 0 to 900«C and remain stable to 
the heat profile. 

In contrast thereto, it can be understood that the 
J^?? ,li5tor devi ° es of C<^araUve.ata SS >lg a .j^..3 and 4 have 



properties enabling the detection of temperatures of from 150 
to 900«C but show extremely large changes, in electrical 
resistance as shown in Table 7 . it can be also understood that 
the thermistor devices of Comparative Examples 2 and 5 have 
large initial electrical resistances at 100°C and 150cC and, 
therefore, temperatures of 300°C or lower cannot be detected 
25 thereby . 

(2) Evaluation on scattering in constant B 
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To evaluate scatterings in constant B (K) among 
individuals in Example 6, thermistor devices of 6 lots (Examples 
6-1, 6-2, 6-3, 6-4, 6-5 and 6-6) were produced (each lot having 
50 thermistor devices) . Then the initial electrical 
resistances (kH) at 0*C and 900'C of 50 thermistor devices~of 
each lot were measured. Using these initial electrical 
resistances, B0-900's (i.e. , constants B between 0°C and 900'C) 
were calculated in accordance with the above-described formula 
(4) . Next, the average constant B0-900 (K) was calculated and 
the average B0-900±3c was further calculated. Then , the extent 
of scattering of ±3a from the average BO-900 (scattering of 
the constant B) was determined in accordance with the following 
formula (5) for each sintering lot and putting the 6 sintering 
lots all together. 

Scattering in constant B (%) ~±3o7 average B0-900xl00 (5) 
Table 8 summarizes the results. 
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[table 8] 





Sinter- 
ing lot 


I 


n each 


lot 


In 6 lots/amoncr lots 


BO-900 


±3a 


Scatter 
in 

constant 
B 


BO-900 


±3<j 


Scatter 
in 

constant 
B 


Ex. 6-1 


1 


2700 


17.7 


0.65 


2705 


27.0 


1.00 


Ex. 6-2 


2 


2712 


11.9 


0.44 


Ex . 6-3 


3 


2701 


22.1 


0.82 


Ex. 6-4 


4 


2698 


14.3 


0.53 


Ex. 6-5 


5 


2705 


23.9 


0.88 


Ex. 6-6 


6 


2709 


19.5 


0.72 



To evaluate scatterings in constant B in Comparative 
Example 2, thermistor device* of 6 lots {Comparative Examples 
2-1, 2-2, 2-3, 2-4, 2-5 and 2-6) were produced (each lot having 
SO thermistor devices) . Then the electrical resistances (JcO) 
at 300*C and 900«C of 50 thermistor devices of each lot were 
measured. Using these electrical resistances, the average 
constant B300-900 (K)±3o was calculated. Then, the extent of 
scattering of ±3o from the average B300-900 (scattering of the 
constant B) was determined in accordance with the above formula 
for each sintering lot and putting the 6 sintering lots all 
together. Table 9 summarizes the results. 



fTable-9] 





Sinter- 
ing lot 


In 


each lot 


In 6 lots/amoncr lots 




3300-900 


±3a 


Scatter* 

in 
constant 
B 


B300-900 




Scatter 
in 

constant 
B 


C. Ex. 2-1 


1 


7918 


122.5 


1.55 








C. Ex. 2-2 


2 


7956 


202.3 


2.54 








C. Ex. 2-3 


3 


7986 


242.8 


3.04 








C. Ex. 2-4 


4 


8052 


127.4 


1.58 


8010 


398.6 


4.98 • 


C. Ex. 2-5 


5 


8033 


171.0 


2.13 






C. Ex. 2-6 


6 


8093 


204.0 


2.51 
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As Tables 8 and 9 show. Examples 6-1 to 6-6 show less 
scatterings in constant B, both for each sintering lot and 
putting the 6 sintering lots all together, than those-in 
Comparative Examples 2-1 to 2-6. 

This application is based on Japanese Patent application 
JP 2003-347601, filed November 29, 2002, the entire content 
of which is hereby incorporated by reference, the same as if 
set forth at length. 
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